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@ Biocide composition and use. 



(g) A composition which contains a 4,5-polymethy!ene-4-isothiazolin-3-one and either a 2-halo-2- 
halomethylglutaronitrile or a defined isothiazolinone which is different from the 4,5-polymethy!ene-4- 
isothiazolin-3-one and which can be a 4,5-optionaIly halogenated N-alkyI isothiazolin-S-one. The 
compositions exhibit anti-microbial activity and certain combinations are surprisingly effective against 
bacteria. 
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The present invention relates to compositions v/hich are useful as industrial biocides. 

industrial biocides are useful to prevent industrial spoilage, in particular that caused by bacteria and fungi. 
Industrial biocides find application in the preservation of paints, latlces. adhesives, leather, wood, metal working 
fluids and cooling water. 

5 One class of compound which can be used as an industrial biocide is based on the isothiazolinone structure. 

There are many disclosures of isothiazolinone derivatives which are stated to have useful biocidal properties. 
US Patent 3761488 discloses isothiazolinone derivatives in which alkyi, alkenyl. alkynyl, cycloaikyi, aralkyi or 
aryi groups, which may optionally be substituted, are attached to the nitrogen atom and the 4 and 5 positions 
are unsubstituted or are substituted with halogen or lower alkyI groups. US Patent 4165318 discloses a solution 

10 of an isothiazolin-3-one in a polar organic solvent, wherein the solution also contains a stabilising amount of 
formaldehyde. Stabilisation of similar compounds is also claimed in US Patent 4,067.878 where the stabilising 
compound is a nitrite or nitrate of a metal cation. British Patent Specification 2087388 discloses 4.5-polyme- 
tfiyiene-4-isothiazolin-3-ones and derivatives thereof in which the poiymethylene chain has three or four carbon 
atoms. 

15 A further dass of compounds which have found a use as industrial biocides are the 2-halo-2-haIomethyi 

glutaronitrifes. Such compounds have been disclosed and claimed in USP 3,833,731 inter alia. 

Compounds and compositions of the foregoing types, and related compounds of the same general type, 
are effectrve to a varying degree, depending on the particular compound or composition, against a range of 
bacteria and/or fungi. However, to reduce the cost of using these compounds it is desirable to improve their 

20 effectiveness as antimicrobial materials. 

Compositions have been proposed which contain more than one compound which has antimicrobial proper- 
ties. In general such compositions show an aggregate of the properties of the compounds present in the compo- 
sition. Typrcally such composittons contain one compound which exhibits useful antibacterial properties 
together with a different compound which exhibits useful antifungal properties. 

25 We have now found that certain compositions possess surprisingly useful antimicrobial especially anti-bac- 

terial properties. 

Thus, according to the present invention there is provided a composition which comprises 

(a) at least one 4,5-poiymethylene-4-isothiazolin-3-one or a derivative thereof, and 

(b) at least one 2-halo-2-halomethyI glutaronitrile, or 

30 (c) at least one isothiazoIin-3-one derivative which does not contain a fused ring attached to the isothiazole 

ring. 

The 4,5 poIymethylene-4-isothiazoIin-3-one derivative which is component a) of the composition is typically 
a compound of the general formula I, 



35 



40 




I 



wherein: 

45 and taken together represent a poiymethylene chain, having 3 or 4 carbon atoms or a 

pdymethylene chain having 3 or 4 carbon atoms substituted by at least one lower alkyI radical having from 1 
to 4 cartxjn atoms; 

R=» represents hydrogen; a linear or branched alkyI group having from 1 to 12 carbon atoms; a linear or 
t>ranched alkyI group having from 1 to 3 carfcK>n atoms substituted by one or more hydroxyl groups; an alkenyl 
50 group having from 3 to 6 carbon atoms; a radical of the formula 
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wherein: 

n is 0 or 1 ; 

m is 1 or 2; ^ 
represents hydrogen or a lower alkyi group; and ^ 
5 R5 represents hydrogen, lower aikyi, nltro, trifluoromethyl or halogen, preferably chlorine, bromine or 

iodine; cycio alkyI having from 3 to 6 carbon atoms; and a radical of formula 



10 



II 



wherein 

15 RB represents hydrogen, linear or branched alkyI having from 1 to 12 carbon atoms or a radical of the 

fonnula 



20 




25 as defined above, and their salts or complex with a mineral or organic acid, or with a base. 

In a preferred embodiment of the invention the 4,5-polymethyiene-4-isothiazolin-3-one can be represented 
by the general formula II 



30 



35 




N - R-" 



II 



40 



45 



wherein t is 1 or 2 and is as defined above. These compounds are. thus, derivatives of 4,5-trimethylene or 
4.5-tetramethylene-4-isothia20lin-3-6nes. 

R3, in formulae I and II, map be a linear or branched alkyl group, such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, tert-butyi, hexyl, octyi or dodecyl. 

When R3 represents alkyl substituted by one or more hydroxyl groups, this includes, for in^nce, hyd- 
roxymethyl. 2-hydroxyethyl, 2-hydroxypropyl and 1 .2 dihydroxy propyl. X 

As an example of alkenyl as represented by R^. there may be mentioned allyl. 

When R3 represents a radical of formula 



50 



(CHR^) 




this can be, for example, phenyl, chlorophenyl, 2.4-dichIorophenyl. benzyl. 4-chlorobenzyI or 2.4-dichloroben- 
55 zyl. 

When R3 represents cydoalkyl having from 3 to 6 carbon atoms, this can be, for example, cydopropyl. cyc- 
lobutyl, cyclopentyl or cyclohexyl. 

When represents a radical of formula 



EP 0 457 435 A2 



I 



rt can be carbomoyl. N-methyl carbamoyi, N-ethylcarbamoyI, N-isopropyl carbamoyl, N-propyl carbamoyl, N- 
phenyl carbamoyl, N-cyclohexyl carbamoyl. N-buty! carbamoyl orN-octyl carbamoyl. 

Finally, when the compound of formula I forms a complex with a base, R3 is a cation. This cation may have 
a valency of more than one, but is particularly a monovalent cation such as an alkali metal, an amine or quat- 
emary ammonium cation. 

The salts formed between the compound of formula I and a mineral or organic acid, and the complexes 
fonmed between the compound of formula I and a base are generally water soluble and hence can be used in 
aqueous solution. 

The tenm lower alkyl represented by above includes linear or branched alkyi chains containing up to 4 
cartxDn atoms such as methyl, ethyl, isopropyl. butyl and tertiary butyl. 

As specific examples of compounds which may be used as component (a) of the composition of the present 
invention, there may be mentioned 2-methyl-4.5-trimethyiene isothiazolin-3-one (fonnula 11. in which t is 1 and 
is methyl), and 4.5-trimethylene isothiazolin-3-one (formula II, in which t is 1 and R3 is hydrogen). 

Component (b) of the composition of the present invention is at least one compound of general formula 




wherein 

each X, which may be the same or different, is a halogen atom, especially chlorine or bromine. 

Preferably, both substituents X are the same halogen, and are especially bromine atoms. 

By way of examples, there may be mentioned 2-chloro-2-chloromethyl glutaronitrile and particularly 2-bro- 
nrK>-2-bromomethyI glutaronitrile. 

Component c) of the composition is an isothiazolin-3-one of general fonmula III 



0 




III 



wherein 

Y is a hydrogen atom, an alkyl. substituted alkyl. alkenyl, alkynyl, cyclpalkyi, aralky! or aryl group; 
R^ is hydrogen, halogen or an alkyl group; and 
R* is hydrogen, halogen or an alkyl group. 
When Y is alkyl. it is preferably an alkyl group containing from 1 to 18 carbon atoms and especially from 
1 to 4 carbon atoms and particularly a methyl group. 

When Y is cycloalkyi, it is preferably a cydoalkyi group containing from 3 to 12 carbon atoms and especially 
from 3 to 8 cartjon atoms and particularly a cydohexyl group. 

When Y is alkyi or aralkyi, it preferably contains up to 10 carbon atoms. The aryl groups, themselves, may 
also carry substrtuents such as halogen, particularly chlorine, or alkyf or alkoxy groups containing up to 4 carbon 
atoms such as methyl and methoxy. 

When RT" and/or Rs is halogen, it is particulariy chlorine or bromine, and when R^ and/or R« is alkyf it is 
partfcularly an alkyi group containing from 1 to 4 carbon atoms and especially methyl. 
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Particularly important within this group of connpounds are those in which Y represents a linear or branched 
alkyi group containing up to 8 carbon atoms and where R-^ and represent independently hydrogen or chlorine. 
Thus, as specific examples of compounds which may be used as component (c) of the composition of the pre- 
sent invention, there may be mentioned 2-methyl isothiazoIin-3-one (formula III, in which Y is methyl. R^ and 

5 R® are both hydrogen), 5-chloro-2-methyt -isothiazolin-S-one (fonmula 111. in which Y is methyl, R^ is chlorine 
and R^ is hydrogen) and 4,5 dich!oro-2-methyl -isothiazolin-3-one (formula III, in which Y is methyl, and R® 
are both chlorine). Such compounds may represent component c) in the composition of the present invention 
as individual chemical compounds or they may be present in combination. 

As a particular embodiment of the present invention there Is provided a composition comprising 2-methyl- 

10 4,5-trimethylene-4-isothia2oline-3-one and 2-bromo-2-bromomethyl glutaronitrile. 

A further particularly useful combination has been found to be one comprising 2-methyl-4,5-trimethylene- 
4-isothiazolin-3-cne together with at least one of 2-methyl isothiazolin-3-one, 5-chioro-2-methyl isothiazolin-3- 
one and 4,5-dichloro-2-methyl isothia2olin-3-one. 

In various types of applications, it is frequently necessary or convenient to formulate the isothiazolia-3-one 

15 as represented by formula I or fonmula 111 in solution, especially using water or polar organic solvents such as 
alcohols. While such formulation has no effect on the stability or function of isothiazolin-3-ones as antt-microbial 
agents if used relatively quickly, extended storage of the formulated solutions, especially at elevated tempera- 
ture, map result in chemical decomposition of the isothiazolin-3-one, thus leading to reduced biocldal effec- 
tiveness. Consequently, it is common to stabilise such formulations by incorporating nitrite or nitrate salts of 

20 metals. It is also possible to stabilise such compounds in the presence of formaldehyde or compounds which 
release formaldehyde. 

When isothizolin-3-ones of the afore-mentioned structures as represented by formulae I and III are used 
in aqueous solution, their solubility may be improved by forming their salts with strong organic and/or inorganic 
acids such as hydrochloric acid, sulphuric acid, succinic and citric acids, 

25 The relative proportions of the components of the composition can vary and compositions having useful 

properties can be obtained which contain from 1 part by weight of component (a) or of component (b) or conv 
ponent (c) and correspondingly up to 2000 parts by weight of component (b) or component (c) or component 
(a). The preferred proportions on dependent on the compounds used as component (a) and component (b) or 
component (c) and also the particular system in which the mixture is to be used. 

30 In general the composition comprising components (a) and (b) contains one part of component (a) and at 

least 20 parts by weight of component (b) and in particular one part of component (a) and at least 100 parts 
by weight of component (b). Typically, the composition containing component (a) and component (b) contains 
1 part by weight of component (a) and not more than 800 parts by weight of component (b). Particulariy useful 
effects have been obtained with compositions containing one part of component (a) and not more than 600 

35 parts by weight of component (b). 

Generally, those compositions containing component (a) and component (c) contain at least 1 part by 
weight of one component and not more than 1 00 parts by weight of the other component 

Particularly preferred compositions comprising component (a) and component (c) are those where the ratio 
of component (a) to component (c) is between 1:10 and 10:1 and preferably between 1:5 and 5:1 such as, for 

40 example, 1:1. 

The compositions of the present invention have antimicrobial properties- We have found that compositions 
in accordance with the present invention are active against both bacteria and fungi, and are especially active 
against bacteria. Furthermore, compositions in accordance with the present invention are such that the sum 
of the fractional Inhibitory concentration (FIC) for all the components of the composition is less than one and, 

45 with preferred compositions is less than 0.9. Especially preferred compositions are those compositions con- 
taining component (a) and component (b) in which the sum of the FIC for all the components of the composition 
is not more than 0.7. The FIC is the ratio of the concentration of an individual component to the minimum inhibi- 
tory concentration of that component. It will be appreciated that if the value of the sum of the FIC for all the 
components of the composition is less than one, the composition is synergistic, the extent of synergy being 

50 indicated by the amount by which the sum of the FIC is below one. We have found that some compositions in 
accordance with the present invention are such that the sum of the FIC is less than 0.7. 

In the case of compositions containing component (a) and component (c), especially preferred are those 
compositions in which the sum of the FIC is less than 0.6. 

The compositions of the present invention have antimicrobial properties and are suitable for use as indust- 

55 rial biocides. They exhibit good wet state preservation and hence map be used as a cutting fluid preservative 
and also In cooling water applications. They map also be used in paper mill liquors. Furthermore, the compo- 
sition may be used to preserve industrially important fonmulations, especially aqueous based formulations, 
which are used for coloration, such as dyuestuffs and printing inks. They may also be used in the agrochemical 

5 
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industries to preserve formulations such as herbicide and pesticide flowables. 

Still further important applications of the compositions of the present invention include their usem hydrocar- 
bon fluids such as diesel fuels. They may also be incorporated into adhesives in order to inhibit microbial spoil- 
age. 

5 The preservation of wood and leather is yet another important application of the compositions. 

Especially important is the use of the composition of the present invention in paints, particularly in aqueous 
based latices. 

A particularly prefenred use of the compositions of the present invention is the preservation of polyvinyl acry- 
late and particularly acrylic latices. especially those whose pH is above 7. and especially those containing 
10 ammonia or amines. 

The materials which are component (a) and component (b) of the composition of the present invention are 
soluble in many polar solvents, although the solubility is dependent on the nature of the particular compounds 
which are present in the composition. However, many of the compounds are soluble In water, alcohols, ethers, 
ketones and other polar solvents or mixtures thereof. 

IS The compositions of the present invention map be used alone as an antimicrobial material but map also 

l>e used in. or on, a suitable carrier material. 

Thus, as a further aspect of the present invention there is provided a biocide composition comprising a 
carrier and an effective amount of a composition of components (a) and component (b) or component (c) in 
accordance with the invention. 

20 The carrier is typically a material which shows little, if any, antimicrobial activity and may be, or include, a 

material which is susceptible to the growth of micro-organisms, particularly bacteria. The carrier is preferably 
a liquid medium and the biocide composition may be a solution, suspension or emulsion of the composition of 
components (a) and (b) in a liquid earner. The carrier may be water, in which one or all of components (a), (b) 
and (c) are soluble, or may be a liquid such as acetic acid, N.N-dimethyl-fonmamide. propylene glycol, dimethyl 

25 sulphoxide or N-methyl-2-pyrrolidone in which at least one. and preferably all, of components (a), (b) and (c) 
are soluble. Alternatively, a mixture of liquids may be used, one being a solvent for component (a), (b) and (c) 
and the other being a non-solvent for alt components, and using such a mixture the composition typically com- 
prises an emulsion or droplets of a solution of components (a), (b) and (c) in the solvent therefor dispersed in 
the non-solvent (f a suspension or emulsion is used, this conveniently contains a surface active agent which 

30 is effective to maintain the non-continuous phase as a suspension or emulsion. Any surface active agent known 
for use in biodde compositions may be used in such a system, for example alkyiene oxide adducts of fatty 
alcohols, alkyi phenols and amines such as ethylene diamine. 

Whereas it is advantageous in using the composition of the present invention to add component (a) and 
component (b) or component (c) simultaneously, it will be appreciated that in certain circumstances it may be 

35 t>eneficial to add component (a) and component (b) or component (c) sequentially. 

The amount of the composition which is present in the biocide composition map be just sufficient to have 
an antimicrobial effect or the composition map be present in a substantially greater proportk>n. It will be 
appreciated that the biocide composition may be provided as a concentrated solution which is subsequently 
diluted for use as an antimicrobial material. The higher concentrations of the biocide composition are useful, 

40 for example, in the bulk transportation of the composition. Thus, the amount of the compositk}n of components 

(a) and (b) or (c) which is present in the biocide composition is typically in the range from 0.0001% up to 30% 
by weight of the biockle composition. 

The composition of the present invention is especially effective in providing anti-bacterial activity. Thus, 
the compositions can be used for the treatment of various media to inhibit the growth of micro-organisms. 
45 As a further aspect of the present invention there is provided a method for inhibiting the growth of micro- 

organisms on, or in, a medium which comprises treating the medium with a composition of components (a) and 

(b) or (c) as hereinbefore defined. 

The composition can be used in conditions in which micro-organisms grow and cause problems. Systems 
in which micro-organisms cause problems include liquid, particulariy aqueous, systems such as cooling water 
50 liquors, paper mill liquors, metal wort<ing fluids, geological drilling lubricants, polymer emulsions and surface 
coating compositions such as paints, vamishes and lacquers and also solid materials such as wood and leather. 
The composition of the present invention can be included in such materials to provide an anti-microbial effect. 
The amount of the composition is typically in the range from 0.0001 up to 1 0%, preferably 0.001 up to 5% and 
ospociaily 0.002 to 1% by weight of the composition relative to the system to which it is added. In many cases, 
55 microbial inhibition has been obtained with between 0.005% and 0.1% by weight of the composition. 

Components (a) and (b) or (c) of the composition of the present invenb*on may be the only antimicrobial 
compounds or may t>e used together with further compounds having antimicrobial characteristrcs. The compo- 
sition map contain nrtore than one compound which is component (a) together with one or more compounds 
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which is either component (b) or component (c). Alternatively^ a composition of components (a) and (b) or (c) 
in accordance with the present invention map be used together with one or more known antimicrobial com- 
pounds. The use of a mixture of anti-microbial compounds can provide a composition having aJaroader anti- 
microbial spectrum and hence one which is more generally effective than the components thereof. The known 
5 antimicrobial may be one possessing anti-bacterial, anti-fungal, anti-algal or other antimicrobial characteristic. 
The mixture of the composition of the present invention with other antimicrobial compounds typically contains 
from 1 to 99% by weight, relative to the weight of total antimicrobially active compounds, of the composition of 
components (a) and (b) or (c). and particularly from 40 to 60% by weight of the composition of components (a) 
and (b) or (c). 

10 As examples of known antimicrobial compounds which may be used, together with the composition of the 

present invention, there map be mentioned quaternary ammonium compounds such as diethyldodecyl benzyl 
ammonium chloride; dimethyIoctadecyl(dimethylbenzyl)ammonium chloride; dimethyfdidecylammonium 
chloride; dime thyldidodecyl ammonium chloride; trimethy-tetradecy I ammonium chloride; benzyldimethyl(Ci2- 
Ci8 alkyl)ammonium chloride; dichlorobenzyldimethyldodecylammonium chloride; hexadecylpyridinium 

15 chloride; hexadecylpyridinium bromide; hexadecyltrimethylammonium bromide; dodecylpyridinium chloride; 
dodecylpyridinium bisulphate; benzyldodecyl-bis(beta-hydroxyethyl)ammonium chloride; dodecylbenzyl- 
trimethylammonium chloride; benzyldimethyI(Ci2-Cia alkyi) ammonium chloride; dodecyldimethylethyl 
ammonium ethylsulphate; dodecyldimethyl-(1-naphthylmethyi)ammonium chloride; hexadecyldimethylbenzyl 
ammonium chloride; dodecyldimethyl benzyl ammonium chloride and 1-(3-chloroallyi)-3,5.7-triaza-1-azonia- 

20 adamantane chloride; urea derivatives such as 1 ,3-bis{hydroxymethyl)-5,5-dimethylhydantoin; bis(hyd- 
roxymethyl)urea; tetrakis(hydroxymethyI)acetylene diurea; 1-(hydroxymethyl)-5,5-dimethylhydantoin and 
imidazolidinyl urea; amino compounds such as 1,3-bis(2-ethylhexyi)-5-methyl-5-aminohexahydropyrimidine; 
hexamethylene tetra amine; 1,3-bis(4-aminophenoxy)propane; and 2-[(hydroxymethyl)-amino]ethanol; 
imidazole derivatives such as 1[2-(2,4-dichlorophenpl)-2-(2-propenyloxy)ethyl]-1H-imidazole; 2-(methoxycar- 

25 bonylamino)-benzimidazole; nitrile compounds such as 2.4,5. 6-tetrachloroisophthalodinitrile; thiocyanate deri- 
vatives such as methylene bis thiocyanate; tin compounds or complexes such as tributyltin-oxide, chloride, 
naphthoate, benzoate or 2-hydroxybenzoate; thiazole derivatives such as 2-(thiocyanomethylthio)-benzthia- 
zole; and mercaptobenzthiazole; nitro compounds such as tris (hydroxy methyl) nitrome thane; 5-bromo-5-nitro- 
1.3-dioxane and 2-bromo-2-nitropropane-1,3-dioi; aldehydes and derivatives such as gluteraldehyde 

30 (pentanedial) p-chIorophenyl-3-iodopropargyl formaldehyde and glyoxal; amides such as chloracetamide; N.N- 
bis(hydroxymethyl)chloracetamide; N-hydroxymethyl-chloracetamide and dithio-2,2-bis(benzmethy! amide); 
guanidine derivatives such as poly hexamethylene biguanide and 1 , 6-hexam ethyl en e-bis[5-(4-chloro phenyl )bi- 
guanide]; thiones such as 3,5-dimethyItetrahydro-1.3,5-2H-thiodiazine-2-thione; triazine derivatives such as 
hexahydrotriazine and 1.3,5-tri-{hydroxyethyI)-1.3.5-hexahydrotriazine; oxazolidine and derivatives thereof 

35 such as bis-oxazolidine; furan and derivatives thereof such as 2.5-dihydro-2.5-dialkoxy-2,5-dialkylfuran; car- 
boxylic acids and the salts and esters thereof such as sorbic acid and the salts thereof and 4-hydroxybenzoic 
acid and the salts and esters thereof; phenol and derivatives thereof such as 5-chloro-2-(2.4-dichlorophe- 
noxy)phenol; thio-bis{4-chloro phenol) and 2-phenyiphenol; sulphone derivatives such as diiodomethyl-parato- 
lyl sulphone, 2,3, 5, 6-tetrachlora-4-(methylsui phenyl) pyridine and hexachlorodimethyl sulphone. 

40 Further aspects of the present invention are described in the following illustrative examples. 

In the following examples, compositions in accordance with the present invention were subjected to evalu- 
ation of the antimicrobial properties of the compositions. The evaluation was effected, under sterile conditions 
throughout, as follows: 

In the microbiological evaluation, various compositions were tested for anti-microbial activity against bac- 
45 teria and fungi. The bacterium used was Escherichia coli and the fungus used was Aspergillus niger. 

Microbiological evaluation 

The materials, or mixture of materials, to be tested were added to a nutrient broth in amounts to give a 
50 desired concentration of the added material. The added materials were added at concentrations from zero to 
above the minimum inhibitory concentration of the particular material. In the mixtures, the concentiations of 
each material were varied in a systematic fashion to give a matrix of mixtures of different relative proportions 
and different total concentrations. 

The effect on the inhibition of growth of bacteria was investigated by inoculating each sample of broth with 
55 sufficient of the test bacterium to give about 10^ ceils cm-^. The mixture was incubated at 30*C for 48 hours. 
At the end of the test period the presence of turbidity in the broth indicated that growth of the test bacterium 
had occurred. A lack of turbidity was indicative that no growth had occurred. The results were used to draw an 
isobologram from whrch the sum of the fractional inhibitory concentration for a mixture can be detenmined. 
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Example 1 

The microbiological evaluation as described was carried out using the bacterium, Escherichia coli. The 
composition tested was a mixture of 2-methyl-4.5-trimethylene-4-isothlazolin-3-one and 2-bromo-2-bromome- 
\t\yi glutaronitrile. 

An isobologram was drawn utilising concentrations of 0, 110. 221, 332, 444, 555, 665, 777. 888 and 1000 
microgram cnr^of the glutaronitrile and 0. 0.2, 0.5, 0.7. 0.9, 1.1. 1.4. 1.8, 1.8 and 2 microgram cm-^of the iso- 
thiazolinone. 

From the results obtained, it was found that the lowest sum of the fractional inhibitory concentration (FIC) 
was 0.61 which was achieved with a mixture containing 110 microgram cm^ of the 2-bromo-2-bromomethyl 
glutaronitrile and 0.2 microgram cm-3 of the 2-methyl-4,5-trimethylene-4-isothiazolin-3-one. This may be con- 
trasted with the minimum inhibitory concentrations (MIC) of the two individual components against the same 
micro-organism, which were found to be 221 microgram cm-^ and 1.8 microgram cm-^, respectively. 

Example 2 



Example 1 was repeated, except the bacterium used was replaced by the fungus. Aspergillus niger. 

Again, an isobologram was drawn utilising concentrations of 0, 166. 333. 500. 666. 833, 1000, 1166. 1333 
and 1500 microgram cm-3 of the glutaronitrile and 0. 55. 1 1 1. 166. 221. 277. 332. 388, 444 and 500 microgram 
cmr^ of the isothiazollnone. 

From the results obtained, it was found that the lowest sum of the FIC was 0.67 which was achieved with 
a mixture containing 500 microgram cnrr3 of the 2-bromo-2-bromomethyl glutaronitrile and 1 1 1 microgram cnr^ 
of the 2-methyl-4,5-trimethylene-4-isothiazoIin -3-one. Again, this may be contrasted with the two MIC values 
against the same micro-organism which were found to be 1500 and 332 microgram cm-^, respectively. 

The effect on the inhibition of growth of bacteria was investigated by inoculating each sample of broth with 
sufficient of the test micro-organism to give about 10^ cells cm-3. jhe mixture was incubated at SO'^C for 48 
hours. At the end of the test period the presence of turbidity in the broth indicated that gnDwth of the test micro- 
organism had occunred. A lack of turbidity was indicative that no growth had occurred. The results were used 
to draw an isobologram from which the sum of the fractional inhibitory concentration for a mixture can be deter- 
mined. 



Example 3 

The microbiological evaluation as described was carried out using the bacterium. Escherichia coli. The 
composition tested was a mixture of 2-methyI-4,5-trimethylene-4-isothiazolin-3-one and 5-chloro-2-methy Wso- 
thiazolin-3-one. 

An isobologram was drawn using concentrations of 0. 0.2. 0.5. 0.7. 0.9. 1.1, 1.4, 1,6. 1.8 and 2 microgram 
cm-3of thetrimethylene-isothiazolinone and 0, 0.2. 0.5. 0.7. 0.9. 1.1, 1.4. 1.6, 1.8 and 2 microgram crrr^of the 
chloro isothiazolinone. 

From the results obtained, it was found that the lowest sum of the fractional inhibitory concentration was 
0,54 which was obtained with a mixture of 0.2 microgram cnr^ of the 2-methyl-4,&-trimethylene-4-isothiazolir>- 
3-one and 0.2 microgram cnr^ of the 5-chIoro-2-methyl-isothiazolin-3-one. This may be contrasted with the 
mininrxjm inhibitory concentrations (MIC) for the two individual compounds against the same micro-organism 
which were found to be 1 .4 microgram cnr^ and 0.5 microgram cnr^ respectively. 



Claims 

1. A composition which comprises 

a) at least one 4.5-polymethylene-4-isothiazolin-3-one or a derivative thereof, and 

b) at least one 2-haIo-2-halomethyl glutaronitrile. or 

c) at least one isothlazolin-3-one derivative which does not contain a fused ring attached to the iso- 
thiazole ring. 



Z A composiUon as claimed in daim 1 wherein a) is at least one compound of the general formula: 
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wherein 

R"" and R2 together represent a polymethylene chain having 3 or 4 carbon atoms, or a polymethylene 
chain having 3 or 4 carbon atoms substituted by at least one lower alky! radical having from 1 to 4 carbon 
atoms; 

R3 represents hydrogen, linear or branched alkyi having up to 12 carbon atoms, linear or branched 
alkyi having up to 3 carbon atoms substituted by at least one hydroxyl group, an alkenyl group having from 
3 to 6 carbon atoms, a radical of the formula 




wherein 

n is 0 or 1 ; 
m is 1 or 2; 

represents hydrogen or alkyi having from 1 to 4 carbon atoms; and 
RS represents hydrogen, alky! having from 1 to 4 carbon atoms, nitre, trifluoromethyl orhalogen, cyc- 
loalkyl having from 3 to 6 carbon atoms, a radical of formula 

0 

C - NHR^ 

wherein R® represents hydrogen, linear or branched alkyi having up to 12 carbon atoms or a radical of for- 
mula 




as defined above, or their salts or complex with a mineral or organic acid, or with a base. 

A composition as claimed in either claim 1 or daim 2 wherein component a) is either 4.5-trimethylene-4- 
isothiazolin-3-one or 2-methyl-4.5-trimethylene-4-isothiazolin-3-one, 

A composition as claimed in any one of claims 1 to 3 where component b) is at least one compound of 
general formula 
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CH^X 



NC - C - CH^ - CH, - CN 



wherein 

each X, which may be the same or different, is a halogen atom. 

5. A composition as claimed in any one of claims 1 to 4 wherein component b) is either 2-chloro-2-chloro me- 
thyl glutaronrtrile or 2-bromo-2-bromomethyl glutaronitrile. 

6. A composition as claimed in any one of claims 1 to 5 which comprises 2-methyl-4,5-trimethylene-4-isothia- 
zolin-3-one and 2-bromo-2-bromomethyl glutaronitrile. 

7. A composition as claimed in any one of claims 1 to 3 where component (c) is at least one compound of 
general formula 




wherein 

Y is a hydrogen atom, an alkyi, substituted alkyl. alkenyl, alkynyl, cydoalkyi, aralkyi or aryl; and 

is hydrogen, halogen or an alkyl group; and 
R« is hydrogen, halogen or an alkyl group. 

8. A composition as claimed in daim 7 wherein component (c) is selected from 2-methyfisothiazolin-3-one, 
5-chloro-2-methylisothiazoIin-3-one and 4.5-cIichIoro-2-methylisothia2olin-3-one either alone or In combC- 
nation. 

9. A compositton as claimed in claim 8 which comprises 2.methyM.5-trim ethyl ene-4-isothia2ofin-3-one 
together with at least one of 2-methyIisothiazolin-3-one. 5-chIonD-2-m ethyl isothiazolin-3-one and 4,5-di- 
chloro-2-meth y liso th iazol in-3-one. 

10. A composition as claimed in any one of claims 1 to 9 which contains from one part by weight of comF>onent 
(a) or of component (b) or component (c) and up to 2000 parts by weight of component (b) or component 
(c) or component (a), 

11- A composition as claimed in any one of claims 1 to 10 wherein the sum of the fractional inhibitory concen- 
tration of the components is less than 0.7. 

12. A composition as claimed in any one of claims 1 to 1 1 which additionally includes a carrier. 

13. A medium which is susceptible to attack by micro-organisms and which contains from 0.00001 to 10% by 
weight of the medium of a composition as claimed in any one of claims 1 to 12. 

14* A medium as claimed in daim 13 which is selected from a cooling water system, a paper mill liquor, a metal 
working fluid, a geoiogical drilling lubricant, a polymer emulsion, a paint, a lacquer, a varnish, a hydrocarbon 
fluid, an adhesive, a dyestuff or ink formulation, an agrochemical fonmulation, leather or wood. 
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15. A method for inhibiting the growth of micro-organisnns on. or in. a nnedium. which connprises treating the 
medium with a composition as claimed in any one of claims 1 to 12. 

16. A method for inhibiting the growth of micro-organisms on. or in, a medium, which comprises treating the 
medium with component (a) and component (b) sequentially, wherein 

a) is at least one 4,5-polymethylene-4-isothiazoIin-3-one or a derivative thereof, and 

b) is at least one 2-halo-2-halomethyl glutaronitrile. 

17. A method for inhibiting the growth of micro-organisms on. or in. a medium which comprises treating the 
medium with component (a) and component (c) sequentially, wherein 

a) is at least one 4.5-polymethylene-4-isothia2otin-3-one or a derivative thereof, and 

c) is at least one isothiazoiin-3-one which does not contain a fused ring attached to the isothiazole ring. 

18. A method as claimed in any one of claims 15 to 1 7 wherein the medium which is treated is a cooling water 
system, a paper mill liquor, a metal working fluid, a geological drilling lubricant, a polymer emulsion, a paint, 
a lacquer, a varnish, a hydrocarbon fluid, an adhesive, a dyestuff or ink formulation, an agrochemical for- 
mulation, leather or wood. 



